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METHODS OF FORMING A 
SEMICONDUCTOR DEVICE 

TECHNICAL FIELD 

The present invention relates to methods of forming a 
semiconductor device. 

BACKGROUND OF THE INVENTION 

Advanced interconnect systems currently require eXten 
sive use of liners, glue layers and barrier layers. Titanium 
(Ti) and titanium nitride (TiN) thin ?lms are used for 
providing such layers to facilitate the integration of tungsten 
(W) and aluminum ?lled plugs for contacts and vias. 
Plug aspect ratios of 2:1—3:1 Will be needed for 0.25 and 
0.18 micron CMOS logic technologies at sub 0.4 micron and 
0.3 micron diameters, respectively. At these geometries, the 
demands on the step coverage of these ?lms is increased 
considerably. At and beyond 0.25 micron technology, con 
ventional Physical Vapor Deposition (PVD) of TiN is lim 
ited by step coverage. Several alternative processes to 
address these issues have been investigated, leading to 
considerable advances in Chemical Vapor Deposition 
(CVD) of TiN and collimated sputtering of TiN. Chemical 
Vapor Deposition of TiN can provide eXcellent step cover 
age. HoWever, typically these processes require relatively 
high deposition temperatures and impurities such as carbon 
or halides from the precursors are often incorporated in the 
?lm. 

In current CMOS processes, Ti and TiN ?lms are depos 
ited by Physical Vapor Deposition (PVD) using magnetron 
sputtering. The use of PVD provides eXcellent ?lm proper 
ties at high purities and loW defect densities. Thus, it is 
preferable and cost-effective to eXtend the capabilities of 
PVD processes as far as possible. 

In the case of Ti ?lms, this has been previously achieved 
by collimated PVD. HoWever, the collimator approach for 
TiN has not been as successful due to defect problems. In 
particular, the TiN ?lm deposited on the collimator surfaces 
does not adhere Well to the surfaces and is a source for 
particle generation. A further disadvantage of the collimator 
approach is a reduced and variable deposition rate during the 
collimator life due to deposition of the ?lm on the collima 
tor. 

PVD TiN is Widely used for liner and glue layer appli 
cations in production of 0.35 micron generation products. 
Standard PVD TiN, hoWever, does not have adequate bottom 
coverage, limiting its use beyond 0.25 micron technology. 
Once an overhang adjacent a via becomes appreciable, it 
further shadoWs the deposition on the sideWalls and bottom 
corners. Thus, simply using thicker deposited ?lm cannot 
get around this problem. Thicker TiN also introduces several 
other problems—(i) the overhang at the via top makes W via 
?ll more dif?cult; (ii) the thinning of the TiN just beloW the 
overhang creates a potential Weak spot; and (iii) the thicker 
TiN dimensions over the ?eld leads to a thicker metal stack 
height. 

In previous technologies, the via pro?le Was sloped 
slightly to accommodate the TiN overhang. This approach 
cannot be eXtended as design rules shrink and via to adjacent 
metal spacing becomes very small (i.e., ~0.3 micron). The 
space of 0.3 micron has to accommodate overlay misalign 
ment and the critical dimension variation in the via and 
metal patterns. Such requires via pro?les to be vertical. The 
second problem listed above can lead to catastrophic fail 
ures. Here, the barrier TiN layer may fail just beloW the 
overhang, leading to a reaction betWeen Ti and WF6 during 
CVD W deposition. 
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2 
The W material deposited on the ?eld area is normally 

removed by either CMP or by plasma etch. In the case Where 
CMP is used, the use of thicker TiN requires a longer CMP 
polish step thereby reducing throughput. In the case Where 
plasma W etch is used, the thicker TiN also results in a 
thicker metal stack for the neXt metal layer. A thicker metal 
stack makes it more dif?cult to achieve adequate gap ?ll at 
minimum spaces. More importantly, it results in increased 
sideWall capacitance. Such increased capacitance degrades 
the interconnect performance—both in terms of interconnect 
speed and crosstalk. 

Referring to conventional sputtering deposition 
technologies, neutral metal atoms are emitted from the target 
in a roughly cosine distribution. This distribution coupled 
With the optimiZation of the sputtered source area is 
designed to result in a uniform thin ?lm deposition on the 
substrate. This coupled With some gas scattering results in 
the metal atoms arriving at the substrate at a large angular 
distribution. This angular range manifests itself in varying 
deposition rate and ?lm thickness uniformity dependent on 
the target to substrate spacing. It is also the primary reason 
for poor step coverage inasmuch as the ?eld area has a large 
solid angle of vieW of the target, While the via sideWall and 
bottom have only a limited vieW. 

Therefore, Ion Metal Plasma Physical Vapor Deposition 
(IMP PVD) has been utiliZed to improve bottom coverage of 
vias compared With conventional sputtering techniques. For 
eXample, in conventional sputtering techniques, the thick 
ness of the material deposited at the base or bottom surface 
of the contact is typically 10% of the thickness of the 
material deposited atop horiZontal surfaces outside of the 
contact area. HoWever, With the utiliZation of IMP PVD, the 
thickness of the material deposited at the base or bottom 
surface of the contact is typically 30—40% of the thickness 
of the material deposited atop horiZontal surfaces outside of 
the via or contact area. 

A signi?cant percentage of the neutral atoms emitted by 
the source are ioniZed by a radio frequency (RF) plasma 
generated betWeen the source and the substrate in IMP PVD. 
These metal ions arrive at the semiconductor Workpiece or 
Wafer at a normal incidence resulting in substantial improve 
ment in the bottom coverage of the via opening. The 
sideWall coverage is signi?cantly reduced due to the arrival 
of the metal ions at a normal incidence. 

It has been observed that IMP PVD of TiN typically 
provides suf?cient bottom coverage in the center of the 
bottom surface of the via. HoWever, the coverage at corners 
de?ned by the bottom surface and the sideWalls of the via is 
relatively thin compared With the coverage at the center 
region of the bottom surface of the via. 

Therefore, there eXists a need to provide adequate layer 
coverage adjacent the corners de?ned by the sideWalls and 
bottom surface of the via formed Within the semiconductor 
device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are described 
beloW With reference to the folloWing accompanying draW 
ings. 

FIG. 1 is a cross-sectional vieW of a via formed Within a 
semiconductor Workpiece. 

FIG. 2 is a cross-sectional vieW of a processing step Which 
provides a process layer Within the via of the semiconductor 
device shoWn in FIG. 1. 

FIG. 3 is an illustrative diagram of a ?rst chamber of a 
semiconductor Workpiece reactor. 
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FIG. 4 is an illustrative diagram of a second chamber of 
the semiconductor workpiece reactor. 

FIG. 5 is a cross-sectional vieW of a processing step 
subsequent to the processing step depicted in FIG. 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

This disclosure of the invention is submitted in further 
ance of the constitutional purposes of the US. Patent LaWs 
“to promote the progress of science and useful arts” (Article 
1, Section 8). 

According to one aspect of the present invention, methods 
of forming a semiconductor device comprise: providing a 
semiconductor Workpiece; forming a process layer upon a 
?rst area of the semiconductor Workpiece; and folloWing the 
forming of the process layer, distributing at least a portion of 
the process layer to a second area of the semiconductor 
Workpiece. 
A second aspect of the present invention discloses meth 

ods of forming a semiconductor device comprising: provid 
ing a semiconductor Workpiece; forming a via Within the 
semiconductor Workpiece, the via including plural sideWalls 
joining a bottom surface at respective plural corners; pro 
viding a process layer upon at least a portion of the bottom 
surface of the via; and folloWing the providing of the process 
layer, distributing at least some of the process layer toWards 
the corners Within the via. 

Another aspect of the invention provides methods of 
forming a semiconductor device comprising: providing a 
semiconductor Workpiece; sputtering a process layer upon at 
least a portion of the semiconductor Workpiece using ioniZed 
metal plasma physical vapor deposition; and following the 
sputtering of the process layer, distributing at least some of 
the process layer. 

Afourth aspect of the present invention provides methods 
of forming a semiconductor device comprising: providing a 
semiconductor Workpiece; providing a process layer upon at 
least a portion of the semiconductor Workpiece; and folloW 
ing the formation of the process layer, sputtering at least 
some of the process layer. 

Yet another aspect of the present invention provides 
methods of forming a semiconductor device comprising: 
providing a semiconductor Workpiece; forming a via Within 
the semiconductor Workpiece, the via including plural side 
Walls joining a bottom surface at respective plural corners; 
?rst sputtering a process layer upon at least a portion of the 
bottom surface using ioniZed metal plasma physical vapor 
deposition; and folloWing the sputtering of the process layer, 
second sputtering at least some of the process layer toWards 
the corners Within the via. 

Referring to FIG. 1, a portion of a sub-quarter micron 
semiconductor device 10 of a semiconductor Workpiece 21 
is shoWn in detail. The methods of the present invention may 
also be utiliZed to form devices having CMOS logic tech 
nologies in excess of 0.25 micron. Semiconductor Work 
piece 21 comprises a substrate 40, such as silicon, and 
metalliZation 41, such as aluminum, formed upon an upper 
surface of substrate 40. 
An optional antire?ective coating 42 is formed upon the 

aluminum metalliZation 41 in one embodiment of the inven 
tion. Antire?ective coating 42 comprises titanium nitride 
(TiN) in the described embodiment. Alternatively, antire 
?ective coating 42 comprises titanium tungsten (TiW), tan 
talum (Ta), tantalum nitride (TaN), or other suitable mate 
rials. 
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Antire?ective coating 42 is sputtered onto the surface of 

the semiconductor Wafer or Workpiece 21 before the resist. 
The provision of antire?ective coating 42 can aid the pat 
terning of small images. The antire?ective coating 42 layer 
brings several advantages to the masking process. The ?rst 
advantage is a planariZing of the surface Which provides for 
a more planariZed resist layer. Second, antire?ective coating 
42 cuts doWn on light scattering from the surface into the 
resist Which aids in the de?nition of small images. Antire 
?ective coating 42 can also minimiZe standing Wave effects 
and improve the image contrast. The latter bene?t comes 
from increased exposure latitude With a proper antire?ective 
coating 42. 

After the resist is spun on top of the antire?ective coating 
42, the Workpiece 21 is aligned and exposed. The pattern is 
developed in the resist. During etching of the semiconductor 
Workpiece 21, antire?ective coating 42 may act as an etch 
barrier. Antire?ective coating 42 also preferably has good 
adhesion properties With the Wafer or Workpiece surface and 
the resist. 
An insulative layer 43, such as silicon dioxide, is next 

formed over metalliZation 41 and antire?ective coating 42. 
Insulative layer 43 is deposited upon semiconductor Work 
piece 21. 
A via 44 having plural sideWalls 45 and a bottom surface 

46 is subsequently patterned Within the silicon dioxide 
insulative layer 43. SideWalls 45 extend from bottom surface 
46 of via 44. Via 44 is patterned by conventional techniques 
exposing the metalliZation 41 or antire?ective coating 42 
beloW the insulative layer 43. Alternatively, via 44 extends 
to substrate 40 in embodiments Wherein metalliZation 41 and 
antire?ective coating 42 are not provided beloW the insula 
tive layer 43. Plural corners 47 are de?ned by bottom surface 
46 and respective sideWalls 45 of via 44. 

Referring to FIG. 2, a process layer 48 is subsequently 
provided upon semiconductor Workpiece 21 folloWing the 
formation of via 44 Within insulative layer 43. In accordance 
With one embodiment of the present invention, process layer 
48 forms a liner, glue layer or barrier layer typically utiliZed 
in the formation of advanced interconnect systems. In 
particular, provision of process layer 48 improves adhesion 
of a later formed via-?lling material or plug, such as 
tungsten or aluminum or copper Within via 44. In other 
embodiments, plural process layers 48 are formed Within 
semiconductor Workpiece 21. For example, provision of a 
thin Ti layer beloW a TiN liner may reduce via resistance 
(only a single layer is shoWn in FIG. 2). 

Process layer 48 typically comprises a metal such as 
titanium or titanium nitride. Process layer 48 is preferably 
formed by IoniZed Metal Plasma Physical Vapor Deposition 
(IMP PVD). Such IMP PVD sputtering techniques provide 
increased bottom coverage of process layer 48 Within via 44. 
In other embodiments, other deposition methods such as 
conventional sputtering techniques are utiliZed to deposit 
process layer 48. 

In the case of IMP PVD, a signi?cant percentage of the 
neutral atoms emitted by the source are ioniZed by the RF 
plasma generated betWeen the source and the substrate. 
These metal ions arrive at the Wafer at an incidence normal 
to the surface 46 due to the presence of a normal electric 
?eld. This results in substantial improvement in the bottom 
coverage of the via 44. As can be expected, the sideWall 
coverage is signi?cantly reduced. Implementing IMP PVD 
of TiN can result in acceptable bottom coverage doWn to 0.1 
micron via and contact openings. Further, the sideWall 
thickness is loW, alloWing the formation of loW resistance, 
high aspect ratio vias of either aluminum or copper. 
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Ionized metal plasma (IMP) deposition is a production 
implementation of ioniZed magnetron sputtering Where Ti 
atoms are sputtered from a target into a medium density 
plasma (~1011 ion/cm3) Where they are thermaliZed and 
ioniZed. The metal ions are then transported across the 
dark-space sheath at the Wafer With high directionality due 
to the electric ?eld, resulting in high bottom coverage With 
a dense ?ne-grained metal ?lm. 

Referring to FIG. 3, a schematic diagram of an ioniZed 
metal plasma physical vapor deposition (IMP PVD) cham 
ber or ?rst chamber 20 is shoWn Within a reactor 18. 
According to one processing method of the present 
invention, chamber 20 is a deposition process module Within 
an Endura HP PVDTM system available from Applied 
Materials, Inc. of Santa Clara, Calif. Avacuum is provided 
Within ?rst chamber 20 during processing of semiconductor 
Workpiece 21. 
A source or target 22 of the desired ?lm material for 

forming process layer 48 (e.g., Ti or TiN) is provided at the 
upper portion of the illustrated chamber 20. The target 22 is 
electrically grounded via coupling With a negative electrode 
23 of a DC poWer source 24. Similar to conventional 
sputtering techniques, a ?rst process gas is provided Within 
the chamber 20. First process gas preferably comprises an 
inert gas. For example, Ar is utiliZed Within chamber 20 for 
Ti deposition and Ar and N2 are both provided Within 
chamber 20 for TiN deposition. 

Chamber 20 includes a pedestal or susceptor 25 con?g 
ured to receive a semiconductor Wafer or Workpiece 21 to be 
processed. Susceptor 25 is coupled With a radio frequency 
(RF) bias source 26 in the illustrated embodiment of the 
invention. RF bias source 26 generates a 400 kHZ signal in 
one embodiment of the invention although signals of other 
frequencies may be utiliZed. In one embodiment (not 
shoWn), the RF bias source 26 is omitted. 
An IMP plasma 27 is generated Within chamber 20 

intermediate the target 22 and semiconductor Workpiece 21. 
IMP plasma 27 is preferably a medium density plasma (e.g., 
~1011 ion/cm3). Acoil 28 is provided intermediate the target 
22 and semiconductor Workpiece 21 as shoWn in the illus 
trated embodiment of chamber 20. Coil 28 is preferably a 
single turn inductive coil. 
An RF poWer source 29 is coupled With coil 28 as shoWn. 

RF poWer from source 29 is provided to the coil 28 at a 
desired frequency, such as 2 MHZ. Coil 28 inductively 
couples the RF poWer to the ?rst chamber 20. The provision 
of RF poWer assists With the formation of IMP plasma 27 
and provides ioniZation of metal atoms sputtered from the 
target 22. More speci?cally, a signi?cant percentage of the 
neutral atoms sputtered or emitted from the source or target 
22 are ioniZed and thermaliZed by the RF plasma 27 gen 
erated betWeen the target 22 and substrate or semiconductor 
Workpiece 21. IoniZed metal plasma physical vapor depo 
sition of TiN results in acceptable bottom coverage doWn to 
0.1 micron via and contact openings and the thickness upon 
sideWalls 45 is loW, thus alloWing formation of loW 
resistance, high aspect ratio vias by aluminum or copper. 

The main process variables Which affect the ?lm proper 
ties for ioniZed metal plasma physical vapor deposition are 
DC poWer, RF poWer, process pressure and the Ar/N2 gas 
ratio. The DC poWer (4—8 kW) mainly controls the deposi 
tion rate and the RF poWer (1—3 kW) controls the ioniZation 
ef?ciency. 

Since the ioniZation efficiency depends on the residence 
time of the source atoms Within these IMP plasma 27, a 
higher gas pressure is preferably utiliZed. In particular, 
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6 
higher pressures of 20 mTorr—40 mTorr are utiliZed com 
pared With pressures of 1 mTorr—3 mTorr utiliZed Within 
conventional physical vapor deposition processes. 

Referring again to FIG. 2, the coverage of process layer 
48 typically varies in thickness over various portions of 
bottom surface 46. For eXample, adequate coverage of a ?rst 
thickness is typically provided upon a ?rst area or a center 
region 49 of the bottom surface 46. HoWever, coverage of a 
second thickness is typically thin upon second areas 51 
adjacent the corners 47 of via 44. The second thickness of 
process layer 48 adjacent corners 47 is typically less than the 
?rst thickness of process layer 48 formed at the center region 
of bottom surface 46. FIG. 2 illustrates such “bread loa?ng” 
of process layer 48 Which can occur folloWing the utiliZation 
of IMP PVD process techniques. 

In accordance With methods of the present invention, 
some of the deposited process layer 48 is distributed to other 
areas of the semiconductor Workpiece 48 folloWing the 
formation of process layer 48. Preferably, the distribution 
provides additional process layer material in areas adjacent 
the corners 47 of via 44. Ideally, deposited process layer 
material is also distributed upon at least portions of side 
Walls 45 of via 44. As described in detail beloW, sputtering 
is the preferred method for distributing the formed process 
layer 48. 

Referring to FIG. 4, subsequent processing of semicon 
ductor Workpiece 21 folloWing the deposition of process 
layer 48 is described. More speci?cally, folloWing the for 
mation of process layer 48 upon the bottom surface 46 of via 
44, semiconductor Workpiece 21 undergoes further process 
ing apart from the target 22. 

In one embodiment, semiconductor Workpiece 21 is 
removed from ?rst chamber 20 of reactor 18 and is placed 
into a sputter or second chamber 50 of reactor 18. Second 
chamber 50 comprises a clean chamber in the Endura 
process system in accordance With one aspect of the present 
invention. Alternatively, second chamber 50 is provided 
apart from reactor 18 according to other aspects of the 
present invention. Ideally, ?rst chamber 20 and second 
chamber 50 individually provide a vacuum for processing of 
semiconductor Workpiece 21 Within the respective cham 
bers. In addition, semiconductor Wafer or Workpiece 21 is 
maintained Within a vacuum during removal of Workpiece 
21 from ?rst chamber 20 and insertion into second chamber 
50. In other embodiments, target 22 is removed from cham 
ber 20 and semiconductor Workpiece 21 is subsequently 
processed as described beloW in the same chamber 20. 

One embodiment of second chamber 50 Within reactor 18 
is shoWn in FIG. 4. Second chamber 50 includes a susceptor 
55 and coil 58. A second process gas is provided Within 
second chamber 50. Second process gas preferably com 
prises an inert gas such as Ar. Semiconductor Workpiece 21 
is provided upon the susceptor 55 Within second chamber 
50. Susceptor 55 is preferably electrically coupled With an 
RF bias source 56. RF bias source 56 is con?gured to 
produce a 13.56 MHZ biasing signal. HoWever, RF bias 
signals of other frequencies may be applied to susceptor 55 
and semiconductor Workpiece 21. 

Coil 58 provided Within second chamber 50 is preferably 
a multi-turn inductive coil. Coil 58 is electrically coupled 
With an RF poWer source 59. RF poWer source 59 is 
con?gured to generate a 400 kHZ RF signal Which is applied 
to coil 58. Coil 58 inductively couples the RF signal to the 
second chamber 50 providing an RF plasma 57. FolloWing 
the inductive coupling of the RF signal, ions of the second 
process gas are created Within RF plasma 57. The process 
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gas ions are directed by electric ?elds generated by RF 
sources 56, 59 to the semiconductor Workpiece 21 and 
susceptor 55. 

Referring to FIG. 5, directing the process gas ions or 
“sputtering” ions to the semiconductor Workpiece 21 results 
in sputtering of the process layer 48 formed upon bottom 
surface 46 of via 44. The sputtering ions strike and distribute 
at least a portion or some the process layer 48 from the ?rst 
area 49 Within via 44 to the second areas 51 as shoWn. In 
particular, at least some or a portion of process layer 48 is 
sputtered from the center region toWard the regions adjacent 
the corners 47 of via 44. In addition, some of process layer, 
shoWn as reference numerals 48a in FIG. 5, is sputtered onto 
the respective sideWalls 45 of via 44. This resputtered layer 
is dense and provides a barrier layer. 
From a comparison of the semiconductor Workpiece 21 at 

a processing step prior to the distribution of process layer 48 
(FIG. 2) With the semiconductor Workpiece 21 folloWing the 
distribution of process layer 48 (FIG. 5), it is shoWn that the 
sputtering distribution of a portion or some of process layer 
48 increases the thickness of the process layer 48 adjacent 
the corner regions 47 of via 44. In addition, a portion of 
process layer 48a is provided upon respective sideWalls 45. 
The thickness of process layer 48 at the middle or center 
region of bottom surface 46 is reduced folloWing the distri 
bution of process layer 48. The formal process layer 46 is 
generally more uniform folloWing the described distribution 
processing step. 

In compliance With the statute, the invention has been 
described in language more or less speci?c as to structural 
and methodical features. It is to be understood, hoWever, that 
the invention is not limited to the speci?c features shoWn 
and described, since the means herein disclosed comprise 
preferred forms of putting the invention into effect. The 
invention is, therefore, claimed in any of its forms or 
modi?cations Within the proper scope of the appended 
claims appropriately interpreted in accordance With the 
doctrine of equivalents. 
What is claimed is: 
1. A method of forming a semiconductor device compris 

ing: 
providing a semiconductor Workpiece and a target in a 

process chamber; 
?rst sputtering a process layer upon a ?rst area of the 

semiconductor Workpiece from the target; 
folloWing the ?rst sputtering, second sputtering at least a 

portion of the process layer to a second area of the 
semiconductor Workpiece; and 

separating the semiconductor Workpiece and the target 
before the second sputtering including removing the 
target from the process chamber. 

2. The method of forming a semiconductor device accord 
ing to claim 1 Wherein the ?rst sputtering comprises sput 
tering using ion metal plasma physical vapor deposition. 

3. The method of forming a semiconductor device accord 
ing to claim 1 further comprising forming a via and the 
process layer is formed Within the via. 

4. The method of forming a semiconductor device accord 
ing to claim 1 further comprising forming a via Within the 
semiconductor Workpiece, the via comprising a bottom 
surface, plural sideWalls extending from the bottom surface, 
and plural corners de?ned Where the sideWalls eXtend from 
the bottom surface. 

5. The method of forming a semiconductor device accord 
ing to claim 4 Wherein the ?rst and second areas are 
respectively adjacent a center region of the bottom surface 
and the corners. 
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6. The method of forming a semiconductor device accord 

ing to claim 1 Wherein the ?rst sputtering comprises depos 
iting the process layer having a ?rst thickness in the ?rst area 
and a second thickness in the second area. 

7. The method of forming a semiconductor device accord 
ing to claim 1 Wherein the device comprises a sub-quarter 
micron device. 

8. A method of forming a semiconductor device compris 
ing: 

providing a semiconductor Workpiece and a target in a 
process chamber; 

forming a via Within the semiconductor Workpiece, the 
via including plural sideWalls joining a bottom surface 
at respective plural corners; 

providing a process layer upon at least a portion of the 
bottom surface of the via using the target; 

folloWing the providing of the process layer, distributing 
at least some of the process layer toWards the corners 
Within the via; and 

separating the semiconductor Workpiece and the target 
before the distributing including removing the target 
from the process chamber. 

9. The method of forming a semiconductor device accord 
ing to claim 8 Wherein the providing the process layer 
comprises sputtering using ion metal plasma physical depo 
sition. 

10. The method of forming a semiconductor device 
according to claim 8 Wherein the distributing comprises 
sputtering. 

11. The method of forming a semiconductor device 
according to claim 8 Wherein the device comprises a sub 
quarter micron device. 

12. A method of forming a semiconductor device com 
prising: 

providing a semiconductor Workpiece and a target in a 
process chamber; 

?rst sputtering a process layer upon at least a portion of 
the semiconductor Workpiece from the target; 

removing the target from the process chamber; and 
folloWing the removing, second sputtering at least some 

of the process layer. 
13. The method of forming a semiconductor device 

according to claim 12 Wherein the ?rst sputtering comprises 
sputtering using ioniZed metal plasma physical vapor depo 
sition. 

14. The method of forming a semiconductor device 
according to claim 12 further comprising maintaining the 
semiconductor Workpiece Within a vacuum during the ?rst 
sputtering and the second sputtering. 

15. The method of forming a semiconductor device 
according to claim 12 Wherein the second sputtering com 
prises: 

providing radio frequency poWer; 
ioniZing a process gas using the radio frequency poWer; 

and 
folloWing the ioniZing, sputtering the process layer using 

the process gas. 
16. The method of forming a semiconductor device 

according to claim 12 further comprising forming a via 
Within the semiconductor Workpiece comprising plural side 
Walls joining a bottom surface at respective plural corners, 
Wherein the second sputtering provides some of the process 
layer adjacent the corners and upon at least a portion of the 
sideWalls. 

17. The method of forming a semiconductor device 
according to claim 12 Wherein the ?rst sputtering deposits 
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the process layer having a ?rst thickness upon a ?rst area and 
a second thickness upon a second area of the semiconductor 
Workpiece and the second sputtering comprises sputtering 
some of the process layer from the ?rst area to the second 
area. 

18. The method of forming a semiconductor device 
according to claim 12 further comprising forming a via 
Within the semiconductor Workpiece comprising plural side 
Walls joining a bottom surface at respective plural corners 
and the ?rst sputtering comprises sputtering the process 
layer onto a bottom surface of the via and the second 
sputtering comprises distributing some of the process layer 
toWard the corners. 

19. The method of forming a semiconductor device 
according to claim 12 Wherein the device comprises a 
sub-quarter micron device. 

20. A method of forming a semiconductor device com 
prising: 

providing a semiconductor Workpiece and a target in a 
process chamber; 

forming a via Within the semiconductor Workpiece, the 
via including plural sideWalls joining a bottom surface 
at respective plural corners; 

?rst sputtering a process layer upon at least a portion of 
the bottom surface from the target using ioniZed metal 
plasma physical vapor deposition; 

removing the target from the process chamber; and 
folloWing the removing, second sputtering at least some 

of the process layer toWards the corners Within the via 
in the absence of the target. 

21. The method of forming a semiconductor device 
according to claim 20 Wherein the ?rst sputtering provides 
a process layer of a ?rst thickness at a center region of the 
bottom surface of the via and a second thickness less than 
the ?rst thickness adjacent the corners. 

22. The method of forming a semiconductor device 
according to claim 20 further comprising maintaining the 
semiconductor Workpiece Within a vacuum during the ?rst 
sputtering and the second sputtering. 
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23. The method of forming a semiconductor device 

according to claim 20 Wherein the device comprises a 
sub-quarter micron device. 

24. A method of forming a sub-quarter micron semicon 
ductor device Within a reactor comprising: 

providing a semiconductor Workpiece; 
forming a via Within the semiconductor Workpiece, the 

via including plural sideWalls joining a bottom surface 
at respective plural corners; 

folloWing the forming of the via, providing a target, a ?rst 
process gas and the semiconductor Workpiece Within a 
chamber of the reactor; 

inductively coupling radio frequency poWer With the ?rst 
process gas; 

forming a radio frequency plasma; 
sputtering atoms from the target; 
thermaliZing the atoms using the radio frequency plasma; 
ioniZing the atoms using the radio frequency plasma; 
folloWing the ioniZing and thermaliZing, directing the 

atoms toWard the semiconductor Workpiece; 
applying the atoms to the bottom surface of the iva at a 

substantially normal incidence; 
forming a process layer comprising the atoms upon at 

least a portion of the bottom surface; 
folloWing the forming of the process layer, removing the 

target from the chamber of the reactor; 
providing a second process gas Within the chamber; 
inductively coupling radio frequency poWer With the 

second process gas; 
forming a radio frequency plasma Within the chamber; 
forming sputtering ions using the radio frequency plasma; 
directing the sputtering ions toWard the process layer; and 
sputtering the process layer to distribute at least some of 

the process layer adjacent the corners and upon the 
sideWalls of the via in the absence of the target. 

* * * * * 
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